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1. Introduction 

The dynamio of QCD simplifies in two limits: 

(1) the usual cbiral limit (m, = 0) and (2) the 

heavy quark limit (mo - co) [l]. Since heavy- 

light mesons have only one dynamical light (va- 

lence) quark, these systems are also well suited to 

the study of constituent quark ideas [Z] and the 

chiral quark model [3]. These properties make 

heavy-light systems ideal for lattice studies. 

In actual lattice cdculations, many practical 

issues must be addressed. One particular prob- 

lem in the study of the pseudoacalar state is that 

the heavy-light correlator becomes noisy rather 

rapidly in time. Unfortunately, this is an un- 

avoidable feature of heavy-light systems. To un- 

derstand the origin of tb behaviour, recall that 

the noise to signal ratio (N/S) ia determined 

Gom the expectation of the square of the car- 

relator divided by the square of the expectation 

of the correlator and that new states can couple 

in the square of the correlator[4]. In the heavy- 

light case, 

N/S z ,Uexp(AM T) 

where AM is the mass difterence between the 

pseudoscalar ground states of the heavy-light 

system, m(qG), and the average of the light- 

light, m,,, and heavy-heavy, m(@) systems. 

The normalization ti depends on the overlap of 

the specific operators used in the correlstor with 

the physical ground states. The mass difference 

A.M = m(d) - hr + m(Q@lP 

is rigoro.wly nonnegative. 

Aa ITQ - co, m(qQ) - nag G &,q approaches 

LL constant independent of mq, but the binding 

energy E9q E 2mq - m(fJO) is positive and 
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grows linearly with mq. Hence AM = &v4 - 

%/2 + &*4/2 grows linearly with mq. Thus 

at fued physical time the ratio of noise to sig- 

nal grows exponentially with mq. For the static 

effective action, there is no dependence on mq 

and EQg = 0; but, now, the static energy of the 

heavy-light pseudoscalar meson depends on the 

lattice cutoff l/o; i.e. Eqa = &0 + &lo. Hence 

at fixed physical time the ratio N/S grows expw 

ncntially with I/o. 

It is important, therefore, to develop new tech- 

niques which allow the extraction of the prop- 

erties of heavy-light states from relatively short 

times. Here, such A new smearing method is up- 

plied to the pseudoscalar channel. 

2. Multistate Smearing Method 

The basics of the muitistate smearing method 

AR reported by Duncan [5]. Let ‘I&!&) (a = 

1,2, ._, N) be A set of linearly independent, or- 

thogonal wavefunctions with S-wave symmetry. 

These wavefunctions art generated by A Hamilto- 

nian, H and ordered by eigenvalue, Et-). The ba- 

sic multismeared correlator, S(O) (a = 1,2, . . . . N), 

is given by: 

S(‘) (r,T) = c ‘J$&..(d, T) 
t’ 

< q(r + .‘,T)Q’(~‘, T) Q(r’, O)q’(o, 0) > 

The heavy quark operator, Q, simply generates 

A product of gauge links along the time direc- 

tion, while the color and spin indices of the mul- 

tismeared correlator are the some (u for the light 

quark propagator < q(+, T) q’(o, 0) >. 

For given quantum numbers and a well-chosen 

set of smearing wavefunctions it is possible to AC- 

curately extract the low-lying heavy-light states 

with only a small number of smearing functions. 

The investigation presented here used an ex- 

isting set of 50 configurations (separated by 2000 

sweeps) generated by ACPMAPS on a l@ x 32 

lattice at fl = 5.9. The configurations were tied 

to Coulomb gauge and light quark propagators 

with n = ,158 were used. Only the four lowest 

energy smearing functions are included (N = 4). 

The appropriate smearing functions can be ob- 

tained by M iterstive process: 

- Start with A reasonable smearing function for 

the ground state. An exponential erp(-R/R,,) 

with Ro = .5a was chosen. 

- Measure the ground state wavefunction at 

moderate time 7’. The singlet piece of the wwe- 

function (obtained by projecting on the spin 

and color singlet piece of the smeared correlator 

S(‘)(+, T)) WM measured at times (3 - 6)a. 

- Tune the parameters in the Hamiltonian, B to 

give the best fit for the lowest eigenfunction to 

the measured ground state wavefunction. 

- Generate the required number N(4) of smear- 

ing wavefunctions from this tuned H. 

- Use this set of smearing functions to metant 

the multismeared corrclators. 

- To take maximum advantage of these mea- 

surements, define A N x N (4 x 4) coupling ma- 

trix, 

C-‘(T) = c ~!~~..(r)S(~)(r, T) 
F 

Diagonalizing the coupling matrix at each time 

T gives eigenvalues, X’(T), which we related to 

the mass of the ith heavy-light state by 

E’(T) = -log(X’(T))/log(A’(T + 1)) 

and eigenvectors which give the coupling of the 

set of smearing functions to that it” state. 

- Finally, the improved wavefunctions for the 

heavy-light states can be used to retune the pa- 

rameters in H and then the whole process rc 

peated with better smearing functions. 
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TI Et Es h 4 
1 I 0.114 I 1.011 I 1.147 I 1.457 

Table 1 

Convtrgcncc ofmu*e. rith mnhi.,a,e menriag 

The critical element in this procedure is the 

choice of the generating function H. We propose 

A lattice Hamiltonian, H = T + V where the po- 

tential energy V(R) is just the static energy mea- 

sured on the same configurations used to study 

the heavy-light spectrum. For the kinetic piece, 

the lattice form of the relativistic kinetic energy 

T= ~fij+jG-~ 

J ‘ 

is used with the reduced mass JI as a tunable 

parameter. The simpler nonrelativistic form is 

not adequate fxlight quarks (K = ,158). 

3. Masses and Wavefunctions 

Using the four state smeared correlator de- 

scribed in the previous section an initial study for 

the pseudoscalar channel was carried out. In the 

first pass (using an exponential smearing func- 

tion for the ground state) the value JL = .45 

was obtained. Using this reduced mass param- 

eter in H, the multismeared correlator was mea- 

sured and the coupling matrix Cab(T) w(u deter- 

mined. The results for the static energies E’(T); 

are presented in Table 1. No error estimates are 

included. The ground state has reached A plateau 

within two time slices. There is also some evi- 

dence for the first excited state. 

The eigenvector corresponding to the heavy- 

light ground state is quite stable in time. For 
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Gtoand state xwefun.ctim $(R) at various times T. The 

grouzut mtmte smcuing r~rchnstion (fit) is ml60 shorn 

time T = 4 its couplings to the smearing states 

Are: (.96,-.28,.07,.02). 

Finally one can look at the wavefunction for 

the ground state. The singlet piece is shown in 

Table 2 at time T = 2,4,6. All wavefunctions 

are normalized to one at the origin. For compar- 

ison, the wavefunction for the first (lowest en- 

ergy) smearing state is also shown. As can be 

seen from Table 2 some further improvement in 

the smearing functions would be possible using 

a slightly smaller value for the reduced mass PA- 

rameter in H. Additional studies are in progress. 
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